An optimal finite element mesh for elastostatic structural analysis problems by Jimack, P.K.
This is a repository copy of An optimal finite element mesh for elastostatic structural 
analysis problems.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/1661/
Article:
Jimack, P.K. (1997) An optimal finite element mesh for elastostatic structural analysis 





Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright 
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy 
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The 
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White 
Rose Research Online record for this item. Where records identify the publisher as the copyright holder, 
users can verify any specific terms of use on the publisher’s website. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
   
 
 
White Rose Consortium ePrints Repository 
http://eprints.whiterose.ac.uk/ 
 
This is an author produced version of a paper published in Computers and 
Structures. 
 






Jimack, P.K. (1997) An optimal finite element mesh for elastostatic structural 
analysis problems. Computers and Structures, 64 (1-4). pp. 197-208.
 









K GML,N*NCO-NQPSR'NCDUT,V,W)XZY K W[V]\3BEX_^
`aABEb*XcYd^BEWefNgPSh XcXg\,^









































 Ó    Þ  Ó[ÛgßôÛcÞ
î+·*¸Mº¸   
   




î¸iîÂ{½{½xÃ*»gÁSÉ)»gÃ	ÇÂËÆC¸MºiÇÈ	É·UÀgÆ*ÆQÂÁÂ»gÃ	À½ Á¸Mº¾ÐÇ=¿»gºÁ·*¸ÁÂ¾2¸Mì¼	¸)ÂÃ*Ä	ß*ã·*¸MÃfÁ·*¸ýÆQÂËÇ¹C½ËÀgÉ)¸M¾4¸MÃHÁ+Å	¸)½ËÆ+ Ó, Þ ÂËÇ'Ç¾ÐÀ½{½,ÂÁÂËÇ'É)»g¾2¾4»gÃÐÁ»åÉ)»QÃ	ÇÂËÆC¸Mº'Á·*¸½{ÂÃ*¸%ÀcºS¸)½ËÀgÇÁÂËÉÂ§ÁÊ«¹*º»g¼C½¸M¾
»Q¼*Á[ÀÂÃ*¸%Æf¼CÊñÉ·*»C»HÇÂÃ*Ä
 Ó    Þ.-
Û
Ñ0/ 1/ 23
1426567 / 85/ 7:9<;=
1>1 Ó[Ûgß¨ÑCÞ
î+·*¸Mº¸ ; Ó, ÞSÂËÇÁ·*¸Ð¾ÐÀQÇÇ6ÆC¸MÃ	ÇÂÁÊgØ = Ó ÞÂôÇ4ÀcÃá¸)Ý*Á¸MºÃ	ÀZ½©¼3»ªÆCÊ ¿»gº)É)¸gØ 3 1426567 Ó Þ6Àcº¸«Á·*¸ñÉ)»Q¾2¹	»gÃ*¸MÃCÁ[Ç»c¿ýÀ¿»gÈ*ºÁ·2»gº[ÆC¸Mºx¸)½ËÀgÇÁÂôÉÂÁÊ2Á¸MÃ	Ç»gº%ØgÀcÃ	ÆÁ·*¸'È	ÇÈ	À½]ÇÈ*¾2¾ÐÀcÁÂ§»QÃÐÉ)»gÃCÏg¸MÃHÁÂ§»QÃ¥·	ÀQÇx¼	¸M¸MÃ«¸M¾2¹C½»cÊg¸%Æ»cÏg¸Mºxº¸M¹3¸%ÀcÁ¸%Æ
ÇÈ?ñÉ)¸%ÇMß=çÁ'îÂ{½{½x¼	¸¥ÀQÇÇÈ*¾2¸%Æ«Á·	À_ÁÁ·*¸6¸)½ËÀgÇÁÂËÉÂÁÊfÁ¸MÃ	Ç»gº©ÂôÇ©¹	»HÇÂÁÂÏg¸ÀcÃ	Æf·	ÀQÇÁ·*¸6ÇÊC¾2¾2¸MÁºÂ§¸%Ç
3 1@2A5,7- 3 567B1@20- 3 2,1C567- 3 142D7D5E Ó[Ûgß¨íCÞ
À_Ã	ÆfÁ·	ÀcÁ' ÇÀcÁÂËÇÅ	¸%ÇÆQÂËÇ¹C½ËÀgÉ)¸M¾2¸MÃCÁi¼	»gÈ*Ã	Æ*ÀcºÊñÉ)»gÃ	ÆQÂÁÂ»gÃ	Ç»_¿Á·*¸i¿»gº¾
 -F »gÃ /
 ß Ó[Ûgß ÷*Þ
ÓçÃâ¿ ÀQÉ)Á'Á·*¸6ÄQ¸MÃ*¸Mº[À½{Âæ%ÀcÁÂ»gÃÎ»c¿-î'·	ÀcÁ©¿»c½{½»cîSÇ+Á»ÐÁ)Àcÿg¸6ÀgÉMÉ)»gÈ*ÃCÁ»c¿£Áº[ÀgÉ)ÁÂ»gÃâ¼	»gÈ*Ã	Æ*ÀcºÊÉ)»gÃ	ÆQÂÁÂ»gÃ	ÇÂËÇêgÈCÂÁ¸
ÇÁº[ÀÂÄg·CÁ¿»gºî'Àcº[Æ2À_Ã	ÆfîÂ{½{½£¼3¸¥É)»gÃ	ÇÂôÆC¸Mº¸%ÆÀcÁ'Á·*¸i¸MÃ	Æf»c¿xÁ·*¸i¹	Àc¹3¸Mº%ß{Þ












J KLNMPO ±RQ6µ)®ESUTÎµ)®6µV̄MXWZYAM\[PM©®'¯]O Mx¯^Lp±²
_©¸MÁÈ*ºÃCÂÃ*ÄfÃ*»cî8Á»Á·*¸¿È*Ã	É)ÁÂ»gÃ	À½ Â§ÃïÓ[ÛgßÛ_Þ[ØcÂÁiÉMÀcÃf¸%ÀgÇÂ{½Êf¼	¸Ç¸M¸MÃÁ·	À_ÁSÀcÃCÊ2¾ÂÃCÂ¾ÂæM¸Mº%Ø` a $ 'b ØQÂËÇSÀ
Ç»c½È*ÁÂ»gÃ»c¿xÁ·*¸ ÜÈC½§¸MºìDc]ÀcÄgº[À_Ã*Äg¸6¸%êQÈ	ÀcÁÂ»gÃ	Ç
9 ed b 1Ó    Þ^f
gh2 d i 1@2Ó    Þ-üÒ ÓÑ*ßôÛcÞ




/  1/ G
- 9 ed b 1Ó    Þ^f
2 ed i 142%Ó    Þ ÓÑ*ß¨ÑCÞ
»QÃñÀÉ)»gÃCÁÂÃHÈ*»QÈ	Ç½ÊñÆC¸)¿»gº¾ÂÃ*Ä2Ç¹	ÀcÁÂôÀZ½é¾4¸%Ç·]ß   ÃCÊñÇÁ¸%ÀgÆCÊ2Ç»c½È*ÁÂ»gÃf»c¿ Á·CÂËÇ-Ã*¸Mîã¹*º»Q¼C½§¸M¾ îÂ{½?½xÉ½§¸%À_º½ÊñÀ½ËÇ»
¼3¸¥À2Ç»c½È*ÁÂ»gÃ»c¿ÓÑ*ßôÛcÞ£ÀcÃ	ÆâÇ»ÐÀ¾åÂ§ÃCÂ¾ÂæM¸MºÂÃÓ)ÛgßÛcÞ[ß










/  1/ G
- 9 ed b 1Ó    Þ^f
g 2 d i 1@2Ó    Þ Ójk- Ûa)ÑCÞ ÓÑ*ß¨íCÞ
»QÃÁ·*¸2ÆC»g¾ÐÀÂÃ  Ø]ÇÈ*¼*)¸%É)ÁiÁ»ÆQÂËÇ¹C½ËÀgÉ)¸M¾2¸MÃCÁ6¼	»QÈ*Ã	Æ*ÀcºÊÉ)»gÃ	ÆQÂÁÂ»gÃ	Ç»c¿-Á·*¸¿»gº¾Ó[Ûgß ÷*Þ[ß6¶ »ÇÂ¾2¹C½{Â{¿ÊÁ·*¸
ÀZ½§ÄQ¸M¼*º[ÀÁ·	ÀcÁ©¿»c½{½»cîSÇ=ÂÁ'îÂ{½{½x¼	¸¥É)»QÃHÏg¸MÃCÂ¸MÃCÁ'Á»ÐÀQÇÇÈ*¾2¸iÁ·	À_Á\ +üÒ ÀcÃ	Æ«Á·	ÀcÁ  ÂËÇ¹3»c½ÊHÄg»QÃ	À½ß-çÁ'îÂ{½{½ÜÀ½ËÇ»
¼3¸Ð·*¸)½¹C¿ÈC½'Á»«ÂÃHÁº»ªÆCÈ	É)¸«Á·*¸¿»c½{½»Zî©Â§Ã*ÄÎÃ*»gÁ)ÀcÁÂ»gÃ]ß:cé¸MÁ  ¼3¸ÐÆQÂËÇÉ)º¸MÁÂæM¸%ÆïÂÃCÁ»UÀâÇ¸MÁi»c¿'Ã*»gÃ*ì»cÏg¸Mº½ËÀc¹*¹CÂÃ*Ä
ÁºÂËÀcÃ*Äc½¸%Ç'î+·CÂôÉ·UÉMÀ_Ãf¼	¸6È*ÃCÂËêQÈ*¸)½Ê Ç¹	¸%ÉÂ{Å	¸%ÆÎÀgÇ'À¾2¸%Ç·-, - Ó/. 10£Þ)ØHî+·*¸Mº¸
. - Ó/. 2 435353m6. 7 6. 7 & 2o435353m6. 7 &98 Þ ÓÑ*ß ÷*Þ
ÂËÇÀcÃf»gº[ÆC¸Mº¸%ÆfÇ¸MÁ'»c¿Á·*¸i¹	»HÇÂÁÂ»gÃâÏg¸%É)Á»gº)Ç»c¿Á·*¸iÏQ¸MºÁÂËÉ)¸%Ç'»_¿Á·*¸i¾2¸%Ç·ïÓ/: ÂÃCÁ¸MºÂ»gº'¹3»cÂÃHÁ)Ç'ÀcÃ	Æ<; ¹	»cÂÃCÁ[Ç
»QÃÐÁ·*¸+¼	»gÈ*Ã	Æ*ÀcºÊ	Þ[Ø*ÀcÃ	Æ=0fÂôÇÀý½?ÂËÇÁ»c¿À½{½]»c¿]Á·*¸'¸%ÆCÄQ¸%ÇMß-¶·*¸Sà   ï¾2¸MÁ·*»*Æ2Ç¸M¸Mÿ*Ç=Á»¥Àc¹*¹*º»%ÝCÂ¾ÐÀcÁ¸0 Ó G3Þ[Ø
Á·*¸ñÇ»_½§È*ÁÂ§»QÃ»c¿iÓÑ*ßÖíªÞ[Ø,¼HÊÀÁÂ¾2¸MìÆC¸M¹	¸MÃ	ÆC¸MÃCÁ2¹CÂ¸%É)¸MîÂËÇ¸«½{ÂÃ*¸%Àcº¿È*Ã	É)ÁÂ»gÃ]Ø r ÇÀÊgØÆC¸)Å	Ã*¸%ÆÍ»QÃáÀf¾2¸%Ç·»c¿
ÁºÂËÀcÃ*Äc½¸%Ç>,ÓG3Þ -Ó/. ÓG3Þ?0xÞ6É)»cÏg¸MºÂÃ*ÄÍÁ·*¸Ç¹	ÀcÁÂËÀ½6ÆC»g¾ÐÀZÂ§Ã  ß   Ç·	ÀQÇ2¼3¸M¸MÃòÂÃ	ÆQÂËÉMÀcÁ¸%Æ,Ø+Á·CÂËÇ2¾4¸%Ç·þÂËÇ
ÀZ½?½»cî¸%ÆfÁ»2ÆC¸)¿»gº¾Ç¾2»C»gÁ·C½Ê4ÂÃÁÂ¾2¸ÓÂÃfî'·	À_Á-¿»c½{½»cîSÇî¸ýÀZ½§î'ÀÊ*Ç-º¸)¿¸Mº'Á»¥Á·*¸6ÆC¸M¹	¸MÃ	ÆC¸MÃCÁSÏcÀcºÂËÀc¼C½¸ GfÀgÇ




½{ÂÃ*¸%Àcº6Àc¹*¹*º»%ÝCÂ¾ÐÀcÁÂ»gÃ]Ø  r1 Ó G3Þ[ØgÁ»2¸%ÀgÉ·É)»g¾2¹	»QÃ*¸MÃHÁ" 1Ó G3Þx»c¿xÁ·*¸iÁºÈ*¸6Ç»c½È*ÁÂ»gÃUÀQÇ




H 1Ó,G3Þ/K H Ó 6. ÓG3ÞÞ. ÓÑ*ß¨ÕCÞ
î+·*¸Mº¸6Á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